Despite the impressive increase of home blood pressure monitoring (BPM) among hypertensive patients over the last few years, a limited number of studies have analysed the rate of home BPM and its relationship with target blood pressure (BP) control, in representative samples of the hypertensive population. The objectives of the study were first to evaluate the prevalence of home BPM in a large selected group of treated hypertensive patients referred to our outpatient hypertension hospital clinic. Second, to assess the rate of satisfactory clinic BP control in patients with or without familiarity with home BPM. In all, 1350 consecutive hypertensive patients who attended our hypertension centre during a period of 12 months and were regularly followed up by the same medical team were included in the study. After informed consent all patients underwent the following procedures: (1) accurate medical history (implemented by a structured questionnaire on demographic and clinical characteristics, including questions concerning home BPM); (2) physical examination; (3) clinic BP measurement; (4) routine examinations; and (5) standard 12-lead electrocardiogram. A total of 897 patients (66%) out of 1350 (687 men, 663 women, age 58.6712.3 years, mean clinic BP 141716/8779 mmHg ) were regularly practising home BPM. In this group of patients, home BPM was associated with a significantly greater rate of satisfactory BP control (49.2 vs 45.6%, Po0.01). Patients performing home BPM were more frequently men (54 vs 46%, Po0.02 ) younger (average age 57.8712.0 vs 60.3712.7 years , Po0.001) and with a higher educational level (defined by more than 8 years of school, 71 vs 55%, Po0.05) than their counterparts. There were no significant differences in duration of hypertension, hypercholesterolaemia, obesity, smoking, diabetes, associated cardiovascular diseases, left ventricular hypertrophy and compliance with drug treatment. This study demonstrates that: (1) home BPM is widely performed by hypertensive patients managed in a hypertension hospital clinic; (2) this practice is associated with a significantly higher rate of clinic BP control; and (3) age, male gender and educational level influence the adoption of home BPM.
Introduction
As clearly shown in a number of intervention trials, blood pressure (BP) lowering in hypertensive patients is accompanied by a significant decrease in cardiovascular complications and death. 1, 2 Failure to identify and institute an early and effective treatment of high BP and concomitant modifiable cardiovascular risk factors are the major unsolved problems in everyday management of hypertension. 3, 4 Inadequate BP control may depend on several factors, among these a key role is played by a poor patient compliance with pharmacological and nonpharmacological treatment. [5] [6] [7] Many publications have investigated several approaches to improve patient compliance with antihypertensive therapy. [8] [9] [10] [11] Among the various methods examined in the literature (including special learning packages, pamphlets, home visits, educational meetings), home BP monitoring (home BPM) is regarded as a useful procedure to improve patient compliance with the prescribed therapeutic regimen, and to provide a more cost-effective management of hypertensive subjects. [12] [13] [14] Indeed, compared with conventional or ambulatory BP techniques home BPM has the advantage of stimulating patients to become more actively involved in the management of their own BP problem. Home BPM has become a popular additional tool to assess BP levels outside the clinical setting; in fact, BPM values are more reproducible, are devoid of the 'white coat' effect and consequently are more likely to reflect more closely usual BP over long periods of time than clinic BP values. 15 Home BPM has also been demonstrated to be more strictly related to cardiovascular complications. Most of these studies have investigated surrogate endpoints such as left ventricular hypertrophy (determined by electrocardiography and echocardiography) and microalbuminuria showing that these markers of target organ damage are more strongly correlated to home BPM than clinic BP. [16] [17] [18] Only one based general population study addressed the association between self-BPM and subsequent cardiovascular events. 19 After a follow-up of 5 years, home BPM was a stronger independent predictor of cardiovascular and overall mortality than clinic BP. However, data on this matter are extremely limited and the results of ongoing trials must be awaited. Despite the fact that the diffusion of home BP devices has shown a constant increase in the last decade, as testified by their current high rate of sale in industrialized countries, 20 only a few large observational surveys have recently analysed the diffusion of this method and its impact on BP control in treated hypertensives. 21, 22 The aim of the present study was, consequently, to evaluate the prevalence of home BPM practice and its relationship with BP control in a large group of treated hypertensive patients followed up in an outpatient hospital hypertension centre.
Patients and methods
A total of 1350 consecutive essential hypertensive patients taking antihypertensive medications, who had attended the outpatient clinic of our hospital centre for a follow-up visit during a period of 12 months between 2 January and 30 December 2002, were selected for the study. All these patients had been regularly followed up (one or two times/year, mean 1.4) by the same medical team for a period of at least 12 months (average period 48 months, range 12-216). Most of the patients had been referred to our centre by their general practitioners, due to an inadequate control of BP or for the exclusion of secondary forms of hypertension; about 60% of the patients had grade 1 or 2 hypertension as defined by the WHO/ISH guidelines 23 on the basis of their BP at the first observation. Those selected on the basis of the inclusion criteria were called for an investigation visit and interview: those who gave informed consent underwent the following procedures: (1) detailed medical history; (2) physical examination; (3) clinic BP measurement; (4) routine blood chemistry and urine examination; and (5) standard 12-lead electrocardiogram.
The study protocol was approved by the ethics committee of the institutions involved.
Clinical and demographic data collection
Demographic and clinical information (age, sex, educational level, familiarity with home BP measurement, concomitant diseases, previous cardiovascular events, medications, compliance with treatment) was systematically collected by a physician during the patient's visit with a structured questionnaire. Clinic BP control was defined as satisfactory when systolic and diastolic BPs were lower than 140/90 mmHg. Borderline control was defined as clinic BP values X140/90 but p160/ 95 mmHg. A threshold of 135/85 mmHg was considered as the upper value of normality, when BP control was assessed by home BPM. 13 
BP measurement
BP measurement was performed during the morning (between 0900 and 1200 hours), after the subjects had rested for 5-10 min in the sitting position, in the outpatient clinic by a physician with an appropriate-size arm cuff and a mercury sphygmomanometer; values were recorded by using the first and fifth phases of the Koroktoff sounds and were rounded to the nearest 2 mmHg. Three measurements were taken at 1-min intervals, and the average was used to define clinic systolic and diastolic BP.
Self-BP measurement
Patients were considered to be regularly practising home BP measurement if they measured their BP at least once a month.
However, to define home BP values we used the average of the 12 last home BP measurements reported by each patient in his/her notebook over a 8 week period before the investigation follow-up visit. BP values of 89 patients (9.9%) were discarded, because less than 12 home BP measurements had been taken in the selected period.
Electrocardiography
Standard 12-lead electrocardiogram was recorded at 25 mm/s, 1 mV/cm calibration. Two experienced cardiologists, blinded to clinical information, evaluated all tracings in order to detect left ventricular hypertrophy (LVH). LVH was diagnosed according to the Sokolow-Lyon voltage criterion: sum of amplitude of S wave in V1 and R wave in V5 or V6435 mm. 24 Home blood pressure measurement and its relationship with blood pressure control C Cuspidi et al
Definition of concomitant risk factors
The following criteria were used to assess the presence of other risk factors: hypercholesterolaemia was defined as total serum cholesterol 46.5 mmol/l or current lipid lowering therapy; 24 obesity as body mass index X30 kg/m 2 ; and diabetes mellitus as fasting plasma glucose X7.0 mmol/l or current antidiabetic therapy. Smoking was defined as cigarette related; a person habitually smoked if she or he smoked 4three cigarettes daily.
Cardiovascular risk stratification
The level of the total risk was defined according to the 2003 European Society Hypertension-European Cardiology Society (ESH-ESC) guidelines. 25 The estimates of future cardiovascular risk was based on risk factors such as age, gender, current smoking, dyslipidaemia, obesity, family history of premature cardiovascular events, presence of target organ damage or diabetes and history of accompanying clinical conditions (cardiovascular or renal disease). 
Statistical analysis

Prevalence of home BPM and relationship with BP control
Replies to questions concerning home BPM, inserted into the questionnaire, were obtained from all 1350 patients. When asked whether they regularly practised home BPM 897 (66.6%) patients answered positively (group I), whereas 450 (33.4%) denied performing home BPM regularly (group II) (Figure 1) . Table 2 reports the clinical and demographic characteristics of the two groups. Patients practising home BPM were on average younger than those not practising it (57 vs 60 years, Po0.001); men were Figure 1 Disposition of patients and prevalence of BP control according to clinic (group II) and either clinic or self-BPM criteria (group I).
Home blood pressure measurement and its relationship with blood pressure control C Cuspidi et al more prevalent than women (54 vs 46%, Po0.02), had a more satisfactory clinic BP control (o140/ 90 mmHg) (49.2 vs 45.6%, Po0.01) ( Figure 2) and a higher educational level (defined by more than total 8 years of formal education : primary and secondary school) than their counterparts (71 vs 55%, Po0.05).
In addition, in group I systolic clinic BP was significantly lower than in group II (140.1716.5 vs 142.3715.7 mmHg Po0.05). No significant differences in known duration of hypertension, body mass index, heart rate, prevalence of hypercholesterolaemia, obesity, smoking, previous cardiovascular events, diabetes, electrocardiographic LVH, total cardiovascular risk and compliance with pharmacological treatment were present. Finally, in group I the prevalence of satisfactory BP control according to self-BPM(p135/85 mmHg) criteria was 49.4% (see Figure 1 ). Statistically significant correlations were found between home and systolic and diastolic BP (r ¼ 0.56, Po0.0001 and r ¼ 0.51, Po0.0001, respectively).
Discussion
The 2003 ESH-ESC guidelines 25 state that although home BPM at home cannot provide the extensive information on 24-h BP values provided by ambulatory BP monitoring, it can offer an alternative possibility of obtaining repeated measurements at different times of the day for several days, weeks and months in settings as close to daily life conditions as possible. Home BPM values recorded for suitable periods, when obtained with validated devices, share some of the advantages of ambulatory BP monitoring over conventional clinic BP measurements (avoidance of the alerting reaction, higher reproducibility and lack of observer bias with semiautomatic electronic devices). Finally, since patient involvement in the management of hypertension is considered highly beneficial, the new guidelines recommend this procedure as it may improve patient's adherence to treatment and BP control.
The present study adds some new data to previous knowledge about this important issue on: (1) the prevalence of home BPM at home in a large cohort of hypertensive patients seen in a specialistic center; (2) the rate of clinic BP control in patients regularly practising self-BPM compared to that of patients unfamiliar with this practice; and (3) factors Home blood pressure measurement and its relationship with blood pressure control C Cuspidi et al associated with self-BPM. Approximately 65% of our patients practised home BPM; this conspicuously high prevalence may be expected as hypertensive subjects regularly followed up in a specialist setting represent a particularly motivated group. Subjects of this group were more frequently men, younger and with higher educational level than their counterparts. Finally, of particular interest, was the significantly greater rate of satisfactory clinic BP control found in patients self-measuring BP. These results can be discussed as follows. First, many studies in the last two decades have investigated the rate of self-BPM at home in hypertensive patients in different clinical settings, showing a progressive increase of this procedure over time as a consequence of the large and expanding market of automated BP devices for home measurement. 26 Krecke et al 21 reviewed the prevalence of home BPM reported in eight German investigations over a 10-year period (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) , including a total of 4427 hypertensive patients and found that the average rate of patients practising home BPM was 27.6%. 21 The lowest rate (19.7%) was observed in 851 patients surveyed in the Monica study across 1984-1985 (increased to 27.1% in the second survey performed 5 years later) and the highest (70%) in 880 callers to the Cardiovascular Hotline Heidelberg, while intermediate rates were found in smaller studies 22 performed in different outpatient hospital centres. These findings suggest that home BPM was marginally practised by the general hypertensive population surveyed in the earlier German studies and rose substantially in more recent surveys including particularly motivated patients such as the callers seeking information from a hotline. The present study extends and refines those findings to a representative sample of patients referred to a hypertension centre, in whom the vast majority of the subjects was regularly performing home BPM. This high prevalence of home BPM seems to reflect the effort of our medical team in encouraging patients to monitor their BP, by counselling during follow-up visits and in some cases through formal educational meetings. 27 Secondly, our data shed some light on the factors related to home BPM. Among the subjects attending our clinic, those practising home BPM were younger and more often men and had a higher educational level; it implies that old age, female gender and a low educational income can be considered as factors not favouring adoption of home BPM. Thirdly, the influence of home BPM on BP control in hypertensive patients is not entirely clear, 28 even if some interventional studies have suggested a certain benefit in patients self-measuring BP at home, compared to those receiving traditional office BP-based care. 29, 30 Edmonds et al, 31 in an 8-month open study, aimed at evaluating BP and compliance rate before and after distribution of BP devices in 37 essential hypertensive patients, showed that in the subgroup that initially had poor adherence, BP values decreased significantly only after the distribution of BP devices. At variance from these aforementioned studies, our data provide new evidence of the beneficial effect of home BPM in a setting more closely reflecting the daily clinical practice than interventional trials, showing that target BP control was more frequently achieved by patients performing home BP measurement. Furthermore, this finding was also strengthened by the significantly lower systolic BP found in patients practising home BPM; the lack of difference in diastolic BP between the two groups can be explained by the decline of diastolic values with increasing age and the higher prevalence of isolated systolic hypertension in elderly patients.Although the differences and SBP and BP control are not very large, they are all likely to be clinically beneficial. Some few other points deserve to be discussed. Since the first report in 1940 by Ayman and Goldshine 32 an ample scientific documentation has shown that home BPM gives lower readings than clinic BP. In agreement with these observations, we found that the average selfmeasured BP was significantly lower than clinic BP by approximately 5 mmHg for both systolic and diastolic values. However, the ESH-ESC guidelines advice the use of cutoff values 5 mmHg lower to define the upper normality limit of home BP vs clinic BP and indeed in the subgroup of our patients performing home BPM, the prevalence of a satisfactory BP control was similar when defined by home BPM criteria or by clinic BP criteria. This indicates that at least in our study clinic BP has not underestimated the percentage of patients effectively controlled and that the cutoff values suggested by guidelines are reliable. Finally, although a full discussion of the multiple causes of the improved BP control in patients practising home BPM is beyond the scope of this paper, we can speculate that it may be a combined result of psychological factors such as a feeling of being involved in addition to the increased frequency of measurements and thus to a closer attention to BP levels leading to a more effective antihypertensive treatment. In this regard, among subjects attending our clinic, those performing home BPM reported a significantly higher frequency of BP meaurements during the period before the follow-up visit (data not shown). Finally, at variance from previous reports, we failed to demonstrate any difference in the reported compliance with treatment in the two groups, and this evidence may be related to the particularly high therapeutical adherence in our specialized setting. However, this finding should be considered with caution, because self-reported compliance is often inaccurate.
The limitations of this study should be highlighted. First, our results pertain to patients referred or self-referred to a specialistic centre and it is possible that in patients cared by the general practitioners and thus in the hypertensive population as a whole, the rate of home BPM is substantially different. Second, the present study was not designed to assess the accuracy of BP measurement at home, to analyse predictors of poor accuracy or to determine if poor accuracy impairs the assessment of hypertension. 33 Finally, we did not investigate the type of devices (mercury or aneroid sphygmomanoter, electronic arm or wrist devices) used by the patients and their reliability.
Conclusion
Our cross-sectional observational surveys indicate that home BPM is regularly practised by a large majority of hypertensive patients seen in a specialistic setting and is associated with a better clinic BP control, adding a new piece of evidence in favour of BP measurement at home. 
